(HERVs) sequence of the THE (transposable-like human cell malignancies are characterized by chromosomal anomalies element) family. This study allowed us to characterize a new directly involved in tumor pathogenesis. We report here the translocation and to speculate on the role of the THE element molecular characterization of a t(7;14)(q21;q32) chromosomal in the emergence of this leukemia. bopenia and an increased peripheral blood lymphocyte count.
, CD5
+ , CD10 + and expressed monoIntroduction clonal surface and cytoplasmic immunoglobulin IgM kappa. In bone marrow, only 30% of cells belonged to the malig-A majority of human hematopoietic malignancies carry nonnant clone. random chromosomal alterations. Experimental evidence indicates that genes located at recurring chromosomal breakpoints are directly involved in tumor pathogenesis. 1 The most
Tissue samples and cell lines frequent translocations encountered in B cell lymphoid malignancies involved the immunoglobulin heavy chain locus (IgH) Cell material analyzed in this study was fresh leukemic cells at band 14q32 or the kappa and lambda light chain (IgL) locus (Bon cells) isolated from peripheral blood cells. Various fresh at bands 2p12 and 22q11, respectively. It is assumed that samples of normal human and murine tissues, hematopoietic these chromosomal rearrangements result from a mistake in cell lines of B (BJAB, Ramos, UD53) T (Molt-4, Jurkatt) and the recombination of Ig genes and lead to the deregulation of myeloid (HL-60) origin, cell lines established from solid proto-oncogenes translocated in the vicinity of Ig cis-activattumors: LoVo, a colon adenocarcinoma cell line and Cos-7, ing sequences (Ig enhancers). Activation of the BCL2 protoa cell line established from SV-40 transformed monkey kidney oncogene as a result of the t(14;18)(q32;q21) translocation epithelial cells, were also used in this study. present in many follicular lymphomas is one of the best documented examples. B cell chronic lymphocytic leukemia (B-CLL) is a leukemia of low-grade malignancy that occasionally Cytogenetic studies changes to a more aggressive subtype. Several karyotypic anomalies have been described in B-CLL, the most common being Tumor cells from peripheral blood and bone marrow were trisomy 12 and structural anomalies of chromosome 13q14 analyzed using R-banding after 24 h unstimulated culture. The and chromosome 14q32. The t(11;14)(q13;q32) which karyotypes were established according to the International involves the CCND1 (cyclinD1) gene on chromosome 11 is System for Human Cytogenetic Nomenclature (ISCN 91).
4 the most frequent chromosome 14 structural anomaly, 2,3 other translocations such as the t(14;18)(q32;q21) or the t(14;19)(q32;q13.1) are less common. In this report, the mol-DNA and RNA isolation and analysis ecular study of a t(7;14)(q21;q32) translocation observed during the course of a B cell chronic lymphocytic leukemia is All molecular studies were performed on peripheral blood described. We show that this translocation results in the juxtatumoral cells. High molecular weight DNA was extracted position of the IgH locus to a human endogenous retroviral from fresh cells or from frozen material following standard procedures. Molecular analysis of sample DNA was performed by Southern blot analysis using the standard technique.
Northern blot analysis, total RNA was size fractionated in forSome of the chromosome 7q21-specific probes consist of PCR-amplified human DNA segments encompassing nucleomaldehyde-1% agarose gels and transferred onto nylon filters.
Probes for immunoglobulin heavy chain joining region gene tides 93 to 409 (probe A-B) and nucleotides 1786 to 2239 (probe C-D) on the THE-7 sequence ( Figure 2a ; Genbank (JH) and for immunoglobulin heavy chain constant region (C) were a gift from TH Rabbitts (MRC, Cambridge, UK). Proaccession no U92009). PCR products were sequenced before use. bes ␣-32 P-labeling, prehybridization, hybridization, and washing were carried out as previously described. Molecular cloning of the chromosomal translocation t(7;14)(q21;q32) breakpoints and of the normal chromosome 7 counterpart Sequencing procedures and sequence analysis Overlapping deletions of DNA cloned into Bluescript SK(−)
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Results
Preparation
Southern blot analysis using an immunoglobulin heavy chain JH probe detected two rearranged fragments in addition to the (Stratagene) were obtained by the unidirectional exonuclease III digestion method (Erase-a-base system, Promega, Madison, germinal band in EcoRI, HindIII, BamHI and XBaI-cleaved Bon DNA ( Figure 1a ). Of the two BamHI rearranged frag-WI, USA). Inserts of the selected clones were sequenced using the double-stranded DNA sequencing technique (dideoxy ments, only the 15 kbp one cohybridized with an immunoglobulin heavy chain C probe and thus corresponds to the chain termination procedure) with Sequenase II (USB, Cleveland, OH, USA). All the sequences were compared, aligned functional allele in these IgM-producing cells. The other fragment probably corresponds to the translocated allele, the and analyzed using automatic computing procedures.
breakpoint having occurred within the JH-C DNA segment. To analyze this rearrangement, a genomic phage library prepared from Bon cells was screened with a JH and a C probe.
Polymerase chain reaction (PCR) amplification
In this way, restriction mapping analysis allows us to isolate recombinant bacteriophages containing inserts representative For reverse-transcriptase polymerase chain reaction (RT-PCR), first-strand cDNA was synthesized in a 20 l reaction containof the der(7) chromosome ( Figure 2a) . Screening of the library with the C probe did not allow us to isolate recombinant ing 1 g of total RNA, 30 U of Mo-MuLV reverse transcriptase (BRL, Bethesda, MD, USA), and 50 pmol of the 5Ј antisense clones representative of the der (14) chromosome. This suggests that the C segment could have been deleted during the oligonucleotide. The reaction mix was incubated at 42°C for 60 min. cDNA amplification was performed as previously translocation process. Southern blot analysis using a C probe confirms this in that only a single rearranged band corredescribed 6 in the Perkin Elmer (Norwalk, CT, USA) thermal cycler.
sponding to the functional allele was detected. Finally, no
Figure 1
Southern blot analysis of the t(7;14) translocation. (a) Ten micrograms of genomic DNA extracted from Bon cells (B) and from normal peripheral blood lymphocytes (C) were digested with the indicated enzyme, electrophoresed through a 0.8% agarose gel and blotted on to a membrane nylon. The filter was sequentially assayed for hybridization to a JH and a C probe. The scale is in kilobases. Arrows indicate the position of the JH rearranged band which comigrates with the rearranged C fragment (b) The t(7;14) translocation juxtaposes the JH segment to DNA sequence originating from chromosome 7q21. Experiments were performed as described above and filter was sequentially hybridized with a JH and a 7q21 (WS2) probe. Arrows indicate the position of the comigrating bands. rearranged bands were detected when using a C␣ or C␥ somal recombination had linked sequences within the switch probe. Cloning of the normal chromosome 7q21 counterpart region of the C locus to sequences from chromosome 7q21, was initially hampered by the presence of repetitive consistent with the cytogenetic description of the sequences in the chromosome 7-DNA segment involved in t(7;14)(q21;q32) translocation. Comparison of the entire the translocation. However, screening of a genomic phage PvuII-KpnI DNA fragment encompassing the chromosomal library prepared from a normal donor with the WS1 probe in junction on the der(7) with sequences contained in data bases the presence of placental DNA used as competitor allowed us demonstrated that the break had occurred 94 bases upstream to isolate three overlapping clones representing a 25 kb region of a repetitive sequence of the O-LTR family. Sequencing of of chromosome 7 (Figure 2a) . Southern blot analysis of interthe 3 kb chromosome 7-DNA fragment (Genbank accession species somatic hybrid DNA using the WS2 probe confirmed no U92009), beginning 0.5 kb upstream of the KpnI site, that the corresponding phage insert did originate from chrorevealed that this repetitive sequence was part of a human mosome 7 (data not shown). Southern blot analysis using the transposon-like element belonging to the THE family of retro-WS2 probe detected a single rearranged fragment in addition transposons. 7 Like the other members of this family, the THE to the germline band in BamHI and EcoRV-cleaved Bon DNA.
described here (THE-7) is flanked by 350-bp LTRs beginning This rearranged fragment cohybridized one of the two with the sequence 5Ј-TG or AG and ending with CA-3Ј. A rearranged bands detected by the JH probe (Figure 1b) . Analy-5 bp CCCTC direct repeat is present at both ends of the THEsis of three additional cases of hematopoietic malignancies 7 sequence, and is usually observed on insertion of a transposwith structural anomalies involving chromosome 7q21 with able element in a genomic target site. THE-7 is longer probes WS1 and WS3 did not allow us to detect any (2616 bp) than the other members of the THE family rearrangement of this locus.
(approximate size: 2300 bp) because of an ALU insertion in the 5Ј part of the internal sequence. This ALU sequence apart, the THE-7 sequence has more than 85% similarity with the Nucleotide sequence analysis of breakpoints known members of the THE family.
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The longest open reading frame in the THE-7 sequence is To characterize further the chromosomal junction, we 130 codons (nucleotides 935-1326). Three overlapping readsequenced a 1 kb PvuII-KpnI fragment that spans the region ing frames that span a sequence length of 1823 nucleotides of the presumed breakpoint. Alignment of this sequence with are also present. A consensus polyadenylation site AATAAA germ line IgH region and 7q21 sequence showed discontiis found 88 nucleotides upstream of the end of the 3Ј LTR. In nuity with normal 7q21 sequences followed immediately by addition to human DNA, we find THE-7-related sequences in homology with sequences displaying the repeated motifs the monkey but not in lower species DNA. GGGCT typical of the IgH switch regions (Figure 2b ). The precise position of these sequences within the highly redundant switch domain could not be determined. Thus, the chromo-
In search of a transcriptional unit on chromosome
Discussion
7q21
It is now well established that karyotypic anomalies and subsequent deregulation of genes located at chromosomal breakBlot hybridization was used to test whether THE-7, in analogy with other members of this family, 8 codes for transcription points are involved in leukemogenesis. We report here the molecular characterization of a t(7;14)(q21;q32) chromoproducts. Probes specific for the THE-7 LTR (A-B) and internal sequences (C-D) (Figure 2a) were produced by PCR amplifisomal translocation in a B-CLL. As usually observed in B cell malignancies, this translocation involved the IgH locus on cation of human DNA and tested on Northern blots. In all the tissues analyzed, the THE-7-LTR probe detected a smear, chromosome 14q32. On chromosome 7q21, we showed that the breakpoint occurred in the vicinity of a human transposonprobably due to multiple hybridization bands of various lengths. This length variation is likely to be caused by coexlike element belonging to the THE family of retroposons. THE elements have been classified as human endogenous pression of a variety of solitary THE-LTRs in combination with cellular sequences of different lengths. 9 retroviral sequences (HERVs), even though no homology to other retroviral sequences has been found. Their complete We next performed RT-PCR using a sense primer which lies upstream of the 5Ј-LTR (primer A, nucleotides 93-112) and form is represented 10 000 times in the genome, while single LTR sequences are more frequent (about 30 000 copies). 7, 8 an antisense primer which is part of the 5Ј-LTR (primer B, nucleotides 391-409). To demonstrate amplification from Transcription of these transposable elements has been observed in normal tissue (spleen, thyroid) and various human RNA rather than from DNA, duplicate PCR reactions were constructed, with or without Mo-MuLV reverse transcriptase tumors and tumor cell lines where RNA ranging from 1.9 to 5 kb can be detected. THE elements are able to transpose by and with or without RNAse A. In this way, we were able to detect a unique 316 bp amplification product from RNA de novo insertion in other genes. Like other transposable elements, HERVs may contribute in shaping the eukaryotic obtained from Bon cells and from most of the cell lines and normal tissues studied, except human placenta ( Figure 3a) . As genome by intracellular transposition events or by generating a hot spot of recombination. 10 In fact, the high copy number the THE retroposons constitute a polymorphic repetitive sequences family, we cloned and sequenced PCR products and dispersion of closely related HERVs raise the possibility of an involvement of these sequences in chromosomal aberwith an expected 316 bp size from Jurkatt and Molt-4 cell lines and from Bon cells. All the sequences perfectly matched rations. DNA rearrangement could be triggered by recombination of homologous or closely related retroviral sequences. each other indicating that the PCR products originate from the same transcriptional unit on chromosome 7q21, and that this
In this respect, a THE-mediated mechanism has been postulated to explain some deletions occurring within the dystrotranscriptional unit encompasses at least in part the THE-7 sequence. In other experiments, when Northern blots were phin gene in humans. 11 HERVs have also been implicated in chromosomal rearrangement. For example, the endogenous hybridized with an amplified 455 bp DNA segment representative of the THE-7 internal sequence (C-D), several distinct retroviral sequences S71 and ERV1 have been mapped on chromosomal region 18q21 which is frequently involved in transcripts could be detected in Cos-7 in addition to a smear of lesser intensity (Figure 3b) . In the other tissues tested, no translocation or deletion in follicular B cell lymphoma, colon carcinoma and breast cancer. 12 The case we report here is signal was detected.
Hybridization of Northern blots containing RNA from Bon even more conclusive since the THE-7 element is located 94 bp downstream of the breakpoint on the der(7) chromocells and from different human cell lines with unique fragments that spanned the 25 kb 7q21 region we had cloned, some and thus, is likely to be involved in the translocation process. We have already reported a similar observation in a did not allow us to identify any additional transcribed sequences. We were also unable to identify any evolutionarily case of B-CLL where a t(11;19)(q13;p13) led to the juxtaposition of the CCND1 gene to a transposable sequence of the conserved sequences within this region.
Figure 3
Transcription of the chromosome 7q21 DNA segment. (a) RT-PCR analysis of the transcriptional unit encompassing THE-7. RT-PCR was performed using primers A and B (Figure 2a) . PCR products were separated electrophoretically through a 2% agarose gel and visualized by ethidium bromide staining. L, DNA ladder (120 bp); 1, Cos-7 cells; 2, Bon cells; 3, Jurkatt; 4, human placenta; 5, B cell lymphoma; 6, Ramos; 7, Molt-4; 8, UD53; 9, HL60; 10, LoVo. (b) Northern blot analysis of total RNA extracted from Cos-7 (1), Bon cells (2), human placenta (3). Ten micrograms of RNA was loaded in each lane, transferred to nylon membrane and hybridized to the probe representative of the THE-7 internal sequence (C-D) as mentioned in Figure 2a .
MER11 family.
13 Transposition of HERVs may also interfere Acknowledgements with cellular function by insertion mutagenesis. Transposition of the human LINE element was found to have inactivated the This work was supported by grants from Ligue Contre le Canfactor VIII gene in several cases of hemophilia A.
14 Furthercer (Comité national, Comité de l'Yonne, Comité du Rhô ne), more, insertion of retroviral elements may influence the ARC (6741) and Hospices Civils de Lyon. expression of adjacent genes and in particular of protooncogenes, due to the regulatory element within the retroviral LTRs.
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